Anesthesia often involves administration of several drugs from different classes. Drug-drug interactions may affect the duration of action of anesthetic agents. The purpose of this research was to investigate interaction between phenylbutazone and thiopental sodium in dogs. Twenty-six female stray dogs were randomly divided into two groups. Each group subdivided into two subgroups <18kg and ≥18kg. Equivalent doses of thiopental sodium were intravenously administered following the injection of 0.9% normal saline in control group and phenylbutazone via the same route in experimental group. After anesthesia, time intervals needed for the return of palpebral reflex, opening of eyes, tongue movement, stretching of limbs, head and neck movements, sitting position, trying to stand, imbalanced walking and normal walking were recorded. Results showed the average time periods in the experimental group were generally more than those in the control group. It was shown the duration of the above chronological parameters were significantly higher in heavier dogs compared to the lighter. Females generally have a larger proportion of body fat content than males. This may cause a higher volume of distribution and a longer elimination half-life for thiopental in female dogs. This interaction with phenylbutazone may be due to an increase in the unbound form of thiopental sodium and its quicker distribution into the brain and a longer duration of anesthesia.
INTRODUCTION
Anesthesiaisan important subject in veterinary medicine and is used for a wide range of circumstances in animals due to animals' unwillingness to cooperate with certain diagnostic or therapeutic procedures [1] . Amonganimals, cats and dogs are frequently anesthetized for surgical procedures [1] . Anesthesia often involves administration of several agents belonging to different classes of drugs [1] .
In addition, many patients should take a number of drugs related to their surgical condition or for other medical situations [1] [2] [3] . Unexpected events may occur when the drugs are administered simultaneously. Thus, there is a considerable potential for drug interactions to occur, some of which may be potentially harmful to the patients. This may be accompanied by cardiovascular and respiratory depression and a delay in recovery for hours or even days [2, 3] . Sleep may be prolonged in patients with increased central nervous system responses to depressant drugs, e.g., patients who are hypothermic; or factors affecting redistribution and metabolism of drugs, e.g., patients who have hepatic or renal dysfunction [1] . Patient's gender, age, weight and drug interaction may be important factors influencing recovery from general anesthesia [2] [3] [4] . Nowadays, medications having minimal side effects and with short recovery period are mostly used to induce anesthesia [5] .
Animal studies and controlled studies in human volunteers suggest that there are differences in the speed of recovery from various anesthetics [6] . Thiopental sodium is an intravenous short-acting thiobarbiturate with rapid onset of action [7] . Phenylbutazone is indicated for the relief of musculoskeletal inflammation and mild to moderate somatic or visceral pain particularly in post-operative pain in dogs, horses, and cattle [8] . In certain situations, thiopental may be used concurrently with phenylbutazone. Therefore, the aim of the present study was to examine the possible interactions between phenylbutazone and thiopental in dogs as it may change various post-anesthetic signs.
MATERIAL and METHODS
Thiopental sodium (0.5 g vials; Sanduz, Austria, Lot No. 150566), phenylbutazone (Vetanyl 20%, RayhanDaroo, Tehran, Iran), normal saline (sodium chloride 0.9%, Martyr Judge Serum Company, Tabriz, Iran) were purchased from local suppliers. Twenty-six female stray dogs of one to two year old weighing 8 to 23 kg were used. Twenty six dogs were divided into two groups (control and experimental) and divided into two subgroups (6 dogs < 18 kg and 7 dogs ≥ 18 kg). After a physical check-up of all animals,blood samples were taken and were tested for CBC, Hb and PCV and for several biochemical parameters (total protein, ALT and AST) in order to ensure about their health. The first group received 0.1 ml/kg normal saline five minutes before administration of thiopental sodium (5%) with a dosage of 17 mg/kg. Dogs in the second group were injected phenylbutazone (20%, 0.1 ml/kg) five minutes prior to anesthesia (induced by the same dosage of sodium thiopental). After injection of sodium thiopental, the times required for the return of various parameters such as palpebral reflex (PR), tongue movement (TM), stretching of limbs (SL), opening of eyes (OE), head and neck movement (HNM), sitting position (SP), trying to stand (TTS), imbalanced walking (IW), and normal walking (NW) were recorded.
Analysis of Data
All results are expressed as mean ± SEM and were analyzed using one-way ANOVA followed by Tukey's test. P value of < 0.05 was considered statistically significant. 
RESULTS
Biochemical and hematological parameters were depicted in Table 1 . Mostly, the measured values are within the normal ranges reported so far [9] [10] [11] . The durations for various chronological parameters following anesthesia induced by thiopental in female subjects in both control and experimental groups are illustrated in Table 2 . The average times for the return of PR and OE in the control group were around 4 and 12 min, respectively. The corresponding valuesin the experimental group were approximately 15 and 25 min ( Table 2 ). The average times required for the TM and SL in the control group were around 12 and 12 min, but were recorded to be approximately 24 and 24 min in the experimental group (Table 2 ). The average times for HNM and SP were found to be approximately 15 and 21 min in the control group, while corresponding values of 31 and 41 min were recorded in the experimental group (Table 2) . Times required for TTS and IW in the control 
DISCUSSION
Anesthesia is used for a wider range of circumstances in animals than in people, due to animals' unwillingness to cooperate with certain diagnostic or therapeutic procedures. Selection of an anesthetic protocol with minimum complications is quite necessary and should be based on scientific evidences. For example, drugdrug interaction can lead to an increase or a decrease in the anesthetic requirement or may prolong duration of action of anesthetic agents [12, 13] . Non-steroidal antiinflammatory drugs (NSAIDs) have the potential for both pharmacokinetic and pharmacodynamic interactions with several anesthetic agents through interfering with their plasma protein binding and/or their analgesic effects [14] . The interaction between thiopental sodium (a drug that is used for the induction of general anesthesia) and phenylbutazone (among NSAIDs) was studied in the present study.
Ghoneim et al. [8] showed in a study that uremic and sulfonamide-pretreated rats had significantly higher levels of 14 C in their brain and heart and more free thiopental was present in their plasma at each time than did control animals. They concluded that reduced protein binding of thiopental sodium leads to accelerated distribution and increased drug concentrations in the brain and heart. According to our study, dogs in the control group had faster Yu et al. [15] claim that sulfadimethoxine causes displacement of thiopental from plasma proteins which significantly increases the free fraction of thiopental. This result may explain the significant increase in V ss and the decrease of both beta and intrinsic clearances. Phenylbutazone given during the pre-surgical period has been reported to increase the intensity and duration of thiamylal anesthesia in horses [16] . A possible mechanism of competitive plasma protein binding has been suggested in this respect.
In obese patients, thiopental has an increased V d and a longer elimination half-life (t 1/2 ), but Cl values are unchanged. It was stated in as long ago as 1969 that thiopental dosage should be based on lean body mass (LBM) [17] . For lipid-soluble drugs, such as opioids and benzodiazepines, the volume of distribution is generally larger in women, but for water-soluble drugs, such as muscle relaxants, it is smaller [18] .
On the basis of the above evidences and findings of the present study (the average times required for various chronological parameters were mostly less when thiopental was injected alone compared to those anesthetized following phenylbutazone administration, and the fact that this variation is more pronounced in the heavier dogs) may support this hypothesis that the interaction between these two drugs is most probably due to competition for protein binding sites. A higher concentration of the unbound form of thiopental will increase distribution of the drug to the tissues, particularly to the fat deposits and brain due to the lipid soluble nature of barbiturates. Redistribution of thiopental will extend the duration of action of the drug and, therefore, the duration for recovery period will increase in dogs receiving phenylbutazone before induction of anesthesia by sodium thiopental. This is in contrast to the usual expectation of similar interactions between less lipid soluble drugs which leads to increased unbound form of drug. The consequence of itis greater pharmacological activity andless duration of action.
In conclusion, interaction between phenylbutazone and thiopental sodium can increase the unbound form of thiopental which has pharmacokinetics impact on the duration of action of the anesthetic drug. Considering the drug interaction can increase free form and Vdof thiopentalwhich is a slower redistribution phase when the drug is taken up by body fat and partitioned out of the CNS. Multitude of factors that may influence recovery, body weight effect appears to be strong one. Female dogs have generally a larger proportion of body fat, redistribution of the drug from adipose tissue to brain will take longer and recovery time will be higher in the heavier female dogs.
